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Summary : n-Butane isomerization in the presence of sulfated zirconia was studied by in situ 
UV-Vis diffuse reflectance spectroscopy at 378, 423, and 523 K. The evolution of spectra 
during the reaction evidences the presence of different types of allylic cations that build up on 
the surface as the reaction proceeds. Bands were located at 310 nm (all temperatures) and 370 
nm (only at 523 K) and are assumed to arise from monoenic and dienic allylic cations, 
respectively. The increase of the band (310 nm) representing the allylic species was 
proportional to the increase of catalytic activity during the induction period. Under reaction 
conditions the allylic species remained adsorbed, and following their formation the catalyst 
deactivated rapidly. 
Introduction: Sulfated zirconia has been shown to be very active for n-butane isomerization. 
Unfortunately, relatively rapid deactivation accompanies the isomerization [1]. UV-Vis 
measurements on deactivated sulfated zirconia were performed by Chen et al. [2] and 
Spielbauer et al. [3]. Chen et al. [2] assigned a band at 292 nm to allylic cations. Three bands 
at 306, 366, 400 nm, attributed to allylic, polyenylic cations, and polycyclic aromatic 
compounds, respectively, were detected by Spielbauer et al. [3]. The aim of this work was to 
investigate the evolution of surface species during a catalytic run by in situ UV-Vis 
spectroscopy, and to find correlations between catalytic activity and nature and concentration 
of adsorbates. 
Experimental, results and discussion: For in situ diffuse reflectance measurements, a 
modified Perkin–Elmer Lambda 9 UV-Vis spectrometer and a home-made microreactor cell 
were used, with the quartz window of the reactor cell facing the integration sphere. All 
spectroscopic measurements were carried out sequentially with a scan speed of 240 nm/min, a 
slit width of 5.0 nm and a response time of 0.5 s, with Spectralon® as a reference standard. 
Sulfated zirconium hydroxide (MEL Chemicals) was calcined in flowing air for 3 h at 823 K 
to produce sulfated ZrO2. The calcined catalyst (1.18 –1.67 g) was loaded into the cell and 
activated with 30 ml/min O2 for 1.5 hrs at 723 K. The feed mixture was 5 vol-% n-butane in 
helium with a total flow of 50 ml/min for 6 hrs. Product analysis was performed by gas 
chromatography (Perkin-Elmer) using a Heye Sep P column and flame ionization detection. 
General observations: At 378 K, an induction period in the conversion of n-butane was 
observed (Fig.1); at 423 and 523 K, the conversion declined from the beginning. Isobutane 
was the predominant product, but disproportionation and cracking products were also formed. 
At all three temperatures, a pronounced band at 310 nm characteristic of allylic cations was 
 detected. At 523 K, an additional band developped at 370 nm (Fig. 2) which can be attributed 
to dienic allylic carbocations. The formation of these two bands is in agreement with bands 
described by Pazé et al. [4] for the interaction of 1-butene with H-ferrierite. Evolution with 
time at 378 K (Fig.1): In the first hour, no surface species were detectable by UV-Vis 
spectroscopy but the catalyst produced isobutane with high selectivity and increasing activity. 
After ~60 min, there was an almost parallel increase of the activity and the intensity of the 
band at 310 nm; this band indicates generation of allylic cations. As the activity declines, the 
rate of formation of these allylic cations also decreases. Evolution with time at 523 K (Fig.2): 
In addition to the band at 310 nm, a band at 370 nm appears after 20 min on stream, 
suggesting the presence of more highly unsaturated species with a chain length of at least 5 
carbon atoms. The intensity of this band (370 nm) increased with increasing time on stream 
while the band at 310 nm stopped growing after 50 min.  
The observations are consistent with a connection (e.g. through a common intermediate) 
between reactions producing isobutane and reactions producing the allylic surface species. 
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Fig.1: Conversion of n-butane at 378 K;  Fig. 2: Evolution of UV/Vis spectra 
development of peak at 310 nm.    during n-butane isomerization at 523 K
      (difference spectra). 
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